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Dec. 1882. Solution of Kepler 1 s Problem. 47 

Let A 0 B be the line of abscissae, and let A 0 be taken equal 
to 0 B, and let each of them be divided into 90 equal parts 
representing degrees of angle. Let A N be any abscissa re¬ 
presenting the angle x, and let the corresponding ordinate hi P 
= c sin x ; then the greatest ordinate will be OC = c, correspond¬ 
ing to the abscissa AO. 

Suppose the curve line A P C B to be divided into 180 parts 
which correspond to equal divisions on the line of abscissae 
AN OB. 

Then if E be taken in A 0 so that E 0 = e X 57*296 divisions, 
orifAE =90 —6x57-296 divisions, and if CE be joined and 
PM be drawn parallel to it through P meeting the line of 
abscissae in M, then A M will represent the mean anomaly corre¬ 
sponding to the eccentric anomaly represented by A N. 

For, since the triangles PMN, CEO are similar, 


MN_PN 
EO CO 


= sin 


:c, 


and therefore MN = E 0 sin x =57-296 (e sin as). 

Hence MN represents the number of degrees in as— 2, and 
therefore A M represents the mean anomaly z. 

Conversely, if A M represents any given mean anomaly, then 
if M P be drawn parallel to E C, it -will cut the curve in the 
point P corresponding to the eccentric anomaly. 

By the employment of a parallel ruler we may find the 
eccentric anomaly corresponding to any given mean anomaly, 
or conversely, without actually drawing a line. For if we lay 
an edge of the ruler across the points E C and then make a 
parallel edge to pass through the point M it will cut the curve 
in the point P required. 

Thus we may always find a first approximate value of the 
eccentric anomaly, without making repeated trials, whether the 
eccentricity be large or small. 

I described this graphical method of solving Kepler’s 
problem at the Birmingham meeting of the British Association 
in 1849. It is referred to in a paper by Mr. Proctor in vol. 
xxxiii. of the Monthly Notices , p. 390. 

The construction is so simple that it has probably been pro¬ 
posed before, though I have nowhere met with it. 


Note on Professor ZengePs solution of the same problem given 
in Number 9 of the last volume of the “ Monthly Notices .” 

The only peculiarity in this solution is in the mode of obtain¬ 
ing the first approximate value employed. The subsequent 
approximations are carried on by means of the first method given 
above. Professor Zenger’s process may be represented in a 
slightly different form as follows 
We have 

x~z~e sin x, 
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48 Prof. Adams, On Newtons sliii. 2 , 

and therefore 

sin (a'—^) = sin (e sin x ) = e sin #<£1 — ^ e 2 sin 2 d? + — ~ e 4 sin 4 etc.J, 


■ - or 
where 

Hence 


sin (x— ^)=/sin x ; 

f-e \ 1 — \ e 2 sin 2 x + -^-e 4 sin 4 a?—etc. i. 
i 6 120 J 


tan (a 1 — z) = . 

1 —/ cos # 


How, an approximate value of / is e, and the error in the deter¬ 
mination of tan (x — a) if we were to put 


tan (x—z)~ 


e sin 0 
i—e cos 2 


would be of the 3rd order in e. 

If we determine / so that the error in the determin ation of x 
shall vanish when 

T 

X = -> 

2 

we shall have 

f~e< 1—-e 2 + — e 4 — etc. >=sine, 
l 6 120 J 

and the approximate equation for finding $ — z becomes 


tan (x—z) = 


sin e sin z 
i — sin e cos z 


The error still remains in general of the 3rd order in e, but the 
maximum error will be smaller than when / is taken := e. 

The value of x given by this equation is readily seen to be 
equivalent to that given by Professor Zenger’s equation, 


cot x = cot z—. 


e cosec 0 


1 + I sin 2 c + A. sin 4 e + etc. 

6 40 


where we may remark that the quantity 

_1_ 

i • ^ , 

I + - sin 2 e + — am 4 e + etc. 
6 40 
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Dec. 1882. Solution of Kepler's Problem, 49 

is equivalent to 

sin e , , I „ , 1 , , 

.—., or to 1 — ^ p/ + . e 1 —etc., 

e 6 120 

a series which converges much more rapidly than the series for 
its reciprocal, employed by Professor Zenger. 

A still more advantageous result may, however, be obta ined 
by determining / so that the error may vanish both when 


and when 


that is when 


so that 



«r = 


2T 

3 ’ 


sm 


J 3 




e 4 —, etc 


1 


The order of accuracy of the approximation will not be altered by 
confining ourselves to the first two terms of this value of /, so 
that we may take 

e (1 e 2 ) sin ss 

tan (x - s) = ----’ nearly. 

l—d(l — 1 d 2 )eos 0 
o 


The error is still of the 3rd order, but its maximum amount is less 
than before. 

If / be taken 

l 1 ~~ 6 ' s^ n " ~ j •• 

and 


tan (x = - / smy 
1 -/ cos 


the error in the determination of tan (x — z ), and therefore in 
the determination of x, will be only of the 4th order. 

There are several misprints and some errors of calculation in 
Professor Zenger’s paper, on which I need not dw r ell. True 
anomaly in line 8 of the paper should be eccentric anomaly, and 
the same error occurs on p. 448. 
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50 


Cambridge Observations on xliil 2, 


Observations of the Great Comet (b) 1882 made at the Cambridge 
Observatory with the Northumberland Equatorial and bquare Ear 
Micrometer. 


(Communicated by Professor J. 0 , Adams, M.A., F.B.S.) 
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